To examine whether leisure-time physical activity is associated with all-cause disability retirement as well as disability retirement due to musculoskeletal and mental causes. Methods: The baseline data were collected by questionnaire surveys in 2000-2002 among 40-to 60-year-old employees of the City of Helsinki. Disability retirement data were derived from the registry of the Finnish Centre for Pensions (maximum follow-up time 6.8 years). The analysis included 4920 women and 1355 men. Physical activity was converted to metabolic equivalent (MET) index. We classified the participants into 4 groups according to physical activity recommendations and according to the participation in vigorous intensity activities. Cox regression analysis was used to calculate hazard ratios. Results: Physical activity decreased the risk of all-cause disability retirement among both genders, however, women engaging in recommended volume of moderate-intensity activity only did not have reduced risk. Those engaging in vigorous activity with sufficient total volume had clearly reduced risk of disability retirement. The association was similar when examining disability retirement due to musculoskeletal and mental causes. Conclusion: For healthy middle-aged engaging in moderate-intensity physical activity additional vigorous exercise may be useful for maintaining musculoskeletal and mental health and thus lower the risk of subsequent disability retirement.
Early retirement causes financial costs to the employee, the workplace, and the society. Throughout Europe as well as in the US there is economic pressure to prevent disability retirement and increase the formal retirement age. For example, in Finland 7.5% of the working aged population has retired due to disability and the average age of retirement is slightly under 60 years (ie, several years lower than the formal retirement age, which is currently flexible from 63-68 years). 1 Similarly to the other European countries, the main medical causes for disability retirement among the middle-aged include musculoskeletal diseases and mental disorders, which account for about two-thirds of all disability retirements in Finland. 1 In addition to legislative measures and improved working conditions other ways to maintain health, functioning, and work ability are needed to achieve longer work careers. Health behaviors such as physical activity play potentially important roles in preventing early retirement due to disability.
Physical activity has many health benefits. Moderateintensity physical activity such as brisk walking for 30 minutes on at least 5 days per week is encouraged in physical activity recommendations for health. 2 Further benefits for health can be obtained by increasing the volume of physical activity. Furthermore, there is some evidence that higher intensity physical activity may be even more beneficial for overall physical health functioning, 3 and it may reduce coronary heart disease 4 and decrease mortality. 5 Physical activity is associated with reduced risk for various musculoskeletal diseases 6 such as sciatic pain 7 and osteoporotic fractures. 8 Physical activity is also associated with reduced risk of depression 9 and other mental disorders. 6 Some studies have suggested that vigorous physical activity may be more effective than lower intensity activity. 10 However, a recent review concluded that even low doses of physical activity may protect against depression. 11 There are only few previous studies examining physical activity and the risk of subsequent disability retirement. A study among middle-aged men examined whether good cardiorespiratory fitness prevents subsequent disability retirement. 12 A strong inverse association was found between physical fitness and disability retirement over 11 years follow-up after adjustments for chronic diseases and other baseline covariates. Especially retirement due to cardiovascular diseases and musculoskeletal diseases were more common among those with lower physical fitness. Another study examined former elite athletes and their risk of disability retirement or death before the age of 65 with an average follow-up of nearly 5 decades. 13 The authors concluded that sustained and vigorous physical activity may extend the occupationally active lifespan and that the lower risk among the athletes is mainly due to lower cardiorespiratory morbidity. Two other studies that have examined determinants of all-cause disability retirement in general have included physical inactivity as a potential risk factor. 14, 15 In both studies physical inactivity predicted subsequent disability retirement.
The results from the previous studies suggest that low leisure-time physical activity may lead to functional health problems and contribute to work disability even at relatively early age. The volume and the intensity of leisure-time physical activity may be important for the risk of subsequent disability retirement, and the association may also differ by the diagnosis of disability retirement. The onset of work disability typically takes several years to develop, thus there might be underlying health problems that also restrict physical activity during leisure-time. Therefore health at baseline should be taken into account when examining the effect of leisure-time physical activity on subsequent disability retirement. Also other covariates such as socioeconomic position, physical and mental strenuousness of work, and body weight may contribute to the association between physical activity and subsequent disability retirement. Furthermore, the association might differ between women and men.
The aim of this study was to examine whether leisure-time physical activity is associated with subsequent disability retirement among middle-aged women and men employed by the City of Helsinki. A further aim was to examine the associations of physical activity with 2 main medical causes of disability retirement (ie, musculoskeletal diseases and mental disorders). Baseline health measured by physical and mental health functioning and prior sickness absence was taken into account, and other baseline covariates included occupational social class, physical and mental strenuousness of work and body mass index. Age, smoking, and problem drinking were included as confounders.
Methods
The baseline data were collected by questionnaire surveys in 2000, 2001 , and 2002 among 40-to 60-year-old employees of the City of Helsinki. The sample consisted of 13,346 persons and 67% responded to the questionnaire (7148 women and 1799 men). 16 Younger employees, men, and manual workers were slightly underrepresented among the respondents, but otherwise the data satisfactorily represent the target population. 17 The questionnaire data were prospectively linked to the comprehensive disability retirement data derived from the national retirement registry of the Finnish Centre for Pensions (74% gave informed written consent for the linkages). Not consenting to data linkage is unlikely to lead to substantial bias. 17 After omitting those with missing information in some of the study variables (n = 272), the present analyses included 4920 women and 1355 men. The study has been approved by the ethics committees of the Department of Public Health, University of Helsinki, and the health authorities of the City of Helsinki.
Leisure-Time Physical Activity
The respondents were asked their average weekly hours of leisure-time physical activity/exercise (including commuting) within the previous 12 months in 4 grades of intensity: walking, brisk walking, jogging, and running, or their equivalent activities. Each intensity grade had 5 response alternatives, ranging from not at all to more than 4 hours per week. The respondents were asked to estimate how many hours per week they spent on average in physical activity corresponding to each grade of intensity. The volume of physical activity was assessed by approximate metabolic equivalent tasks (MET). 18 MET hours per week were calculated by multiplying the time used (weekly hours) by the estimated MET value of each physical activity grade, 19 and then adding the 4 values together. We classified participants into 4 groups according to the national and international physical activity recommendations 2, 20 and according to the participation in vigorous intensity activities: 21 1) Inactive = under 14 MET hours per week; 2) Active moderate = 14-50 MET hours per week in moderate-intensity activity (walking, brisk walking, or their equivalent activities; eg, brisk walking for 30 minutes on 5 days per week equals 15 MET hours per week); 3) Active vigorous = 14-50 MET hours per week in both moderate-intensity and vigorous activity (jogging, running, or their equivalent activities); and 4) Conditioning = more than 50 MET hours per week in both moderate-intensity and vigorous activity.
Disability Retirement
Disability retirement includes all granted (permanent, temporary, and partial) disease-based pensions (ie, disability pensions and individual early retirement pensions). Eligibility for disease based pension requires medically confirmed illness, disease, or injury which essentially reduces working capacity or prevents working in the occupation of the person. The main diagnosis in the medical certificate given by the attending physician was used to distinguish the medical causes for disability retirement according to the ICD-10 classification. The 2 largest groups were examined separately: diseases of the musculoskeletal system and connective tissue (ICD codes M00-M99) and mental and behavioral disorders (F00-F99). The follow-up started on the day of returning the questionnaire and continued for a maximum of 6.8 years or ended on the date of other form of retirement, death, or the age of 63 years (after which disability pensions are no longer applicable in Finland). The average follow-up time was 6.0 years.
Baseline Covariates
Physical and mental health functioning were measured by the 2 component summary scores of the Short-Form (SF-36) health questionnaire 22 divided into quartiles. Data on sickness absence periods were obtained from the national registers of The Social Insurance Institution of Finland. Those who had a long sickness absence spell (90 days) during the 4 years (first year omitted) preceding the baseline were distinguished from those who did not have such sickness absence spell and classified accordingly into 2 groups. Same procedure was repeated for sickness absence due to diseases of the musculoskeletal system and connective tissue (ICD codes M00-M99) and mental and behavioral disorders (F00-F99).
The respondents were asked how strenuous their work is physically and mentally. Work was then dichotomized into physically and mentally strenuous and nonstrenuous. Socioeconomic position included 4 occupational social classes: managers (managerial and administrative work) and professionals (eg, teachers and doctors), semiprofessionals (eg, nurses and foremen), routine nonmanual employees (eg, child minders and assistant maids), and manual workers (eg, transport and cleaning work). 16 Body mass index was calculated as the weight in kilograms divided by the height in meters squared, using questionnaire data and classified into normal weight (< 25 kg/m 2 ), overweight (25-30 kg/m 2 ), and obese (> 30 kg/m 2 ). Smoking was dichotomized into smokers and nonsmokers. Problem drinking was measured by the CAGE questionnaire. 23 Age included 5 groups: 40, 45, 50, 55, and 60 years.
Statistical Methods
Cox regression analysis was used to calculate hazard ratios (HR) and 95% confidence intervals (95% CI) for subsequent disability retirement. Other physical activity groups were compared with the inactive group. The analyses were made separately for women and men for all-cause disability retirement but due to the low number of men combined for musculoskeletal diseases and mental disorders. In model 1, baseline confounders (age, smoking, and problem drinking) were adjusted for. In models 2 to 6, potential effects of other baseline covariates (occupational social class and mental strenuousness of work, body mass index, physical health functioning, mental health functioning, sickness absence) were examined. The proportional hazards assumption was examined using Schoenfeld residuals 24 and confirmed for leisure-time physical activity and all covariates. SPSS 15.0 statistical package was used. Table 1 presents the distribution of disability retirement by physical activity in women and men. During the follow-up there were 435 disability retirement events (7.0% for women and 6.7% for men). Of these events 42% were due to musculoskeletal diseases and 29% due to mental disorders. Musculoskeletal diseases were the most common cause for disability retirement among women while among men mental disorders were most common.
Results
The proportion of all-cause disability retirement events differed between the physical activity groups (Table 1) . Among women every tenth (9.4%) of the physically inactive and only slightly less of the active moderate group (8.5%) retired during the follow-up. The proportion of disability retirement events was clearly lower in the vigorous (3.1%) and the conditioning groups (2.8%). Among men, more than every tenth (11.1%) of the physically inactive and around 6% of both the moderate and the vigorous activity groups retired. Of the conditioning men only 2% retired due to disability during the follow-up. Disability retirement due to musculoskeletal diseases also differed between the physical activity groups among women and men. In the inactive and active moderate groups the proportions were higher than in the vigorous and conditioning groups in both genders. Disability retirement due to mental disorders as well showed differences between the physical activity groups. Among women and men the inactive groups had the highest proportion of these events. To analyze the effects of the baseline covariates to these associations we compared other physical activity groups to the inactive group for the risk of subsequent all-cause disability retirement (Table 2 ). There were statistically significant interactions between gender and physical activity (P = .05) and analysis were thus made separately for women and men. In model 1, women in the vigorous group had a reduced risk of subsequent disability retirement compared with the inactive, whereas the same volume of moderate-intensity activity did not show statistically significant reduction in the risk. Conditioning group showed a similar reduction in the risk as did the vigorous activity group. Among men, the conditioning group had a very low risk of subsequent disability retirement compared with the inactive group. Also the vigorous and the moderate-intensity activity groups showed a significantly lower risk of subsequent disability retirement than the inactive. Adjusting for baseline covariates had only weak effects to these associations. Adjusting for physical and mental strenuousness of work and occupational social class slightly attenuated the association, especially among men in the vigorous group. Adjusting for body mass index attenuated the associations, slightly more among women than men. Adjusting for physical health functioning more clearly attenuated the differences found among both women and men. Adjusting for mental health functioning or prior sickness absence had no effects.
We then examined the risk of disability retirement separately due to musculoskeletal diseases and mental disorders (Table 3 ). Women and men were combined for these analyses because of few events among men. No statistically significant interactions between gender and physical activity were found for disability retirement due to musculoskeletal diseases (P = .95) or mental disorders (P = .30). The vigorous activity and conditioning groups had a statistically significantly reduced risk of disability retirement due to both musculoskeletal diseases and mental disorders after adjusting for gender and other baseline confounders. Adjustments made for baseline covariates showed similar effects when examining allcause disability retirement. However, adjusting for physical health functioning attenuated more the differences found between physical activity groups for disability retirement due to musculoskeletal diseases. Adjusting for mental health functioning attenuated the differences for disability retirement due to mental disorders. Adjusting for prior sickness absence due to musculoskeletal and mental causes had no effects.
Discussion
We aimed to examine whether leisure-time physical activity contributes to subsequent disability retirement among middle-aged employees. Physical activity was clearly associated with decreased risk of all-cause disability retirement among women and men. Among women, engaging in recommended volume of moderate-intensity activity did not reduce the risk of subsequent disability retirement whereas among men it showed a similar reduction in the risk as among those engaging in vigorous activity. Conditioning exercise showed the lowest risk of disability retirement among both genders. The association was quite similar when examining musculoskeletal or mental causes for disability retirement. Adjusting for baseline physical health functioning attenuated the differences between physical activity groups for all-cause disability retirement and even more for musculoskeletal diseases while adjusting for mental health functioning had only a slight attenuating effect on the differences due to mental disorders. Adjusting for sickness absence did not contribute to the differences between the physical activity groups. Previous studies have shown that sustained and vigorous physical activity 13 or good cardiorespiratory fitness 12 reduces the risk of subsequent disability retirement. In a study using data from the late 1980s, more than 60% of the middle-aged male participants retired due to disability during the follow up of 11 years, 12 while in our study cohort around 7% retired due to disability. These retirement rates are about the same as generally in Finland 1 during these time-periods. We showed that among middle-aged municipal employees physical inactivity during leisure-time is a clear risk factor for subsequent disability retirement and that engaging in vigorous intensity physical activity is important especially among women. Our findings are in line with the 2 previous studies 12, 13 and also with other studies suggesting that vigorous intensity physical activity prevents sickness absence, 15,25 a measure indicating temporary work inability. Increasing sickness absence is a strong determinant of disability retirement, 26 and these indicators of temporary and permanent work disability are measures of functional health. While there is consistent evidence that physical activity is beneficial on functional health, we lack studies conducted among middle-aged people. 6 Good functional health is highly related to good physical fitness 6 and higher intensity physical activity usually indicates better fitness which may be one reason why engagement in vigorous activity during leisure is more beneficial than activities of moderate-intensity. It might also be that those engaging in vigorous activity have lived an overall healthy life and therefore have a reduced risk of disability retirement.
The association of leisure-time physical activity on subsequent all-cause disability retirement slightly differed between women and men. The results suggest that it is important for men to avoid inactivity and for women to participate in vigorous physical activity. About a quarter of both women and men were classified as inactive and participation in vigorous activities were more common among men than women and moderate-intensity activities were more common among women. In general, the most common activities among middle-aged women and men include walking, biking, and jogging, while men typically participate in more vigorous activities than women. 27 Nevertheless, there might be some gender differences in leisure-time physical activity within the physical activity categories applied in this study that may differently contribute to fitness and health.
In our study, the associations of leisure-time physical activity with musculoskeletal and mental causes for disability retirement were largely similar as for all-cause disability retirement. These causes accounted for 70% of all disability retirement events. In the previous studies 12, 13 the main causes examined also included cardiovascular diseases, while in our novel data there were too few disability retirement events due to cardiovascular diseases to enable separate analysis. In the previous studies 12, 13 the association has been stronger for events due to cardiovascular diseases and also due to musculoskeletal diseases. In the past disability retirement due to mental disorders has been less common and its association with physical activity has been less clear than for the other main causes. However, the endurance athletes had a very low risk of disability retirement due to mental causes. 13 In general mental causes for disability retirement have been increasing during the last few decades and it is now equally common cause for disability than are musculoskeletal diseases. The association of physical activity with musculoskeletal diseases is complex. Highly intense physical activity increases the injury risk and may also promote the degeneration process of injured joint and thereby lead to osteoarthritis. There is, however, some evidence that moderate-intensity physical activity may slow down the degeneration process and even prevent osteoarthritis. 6 In our study the most active conditioning group had the lowest risk of disability retirement due musculoskeletal and mental causes. A recent review concluded that participating in at least some form of physical activity during leisure-time protects against mental health problems. 11 Some studies suggest that it might be more beneficial to engage in vigorous activity 10 as was found also in our study. We adjusted extensively for various baseline covariates but except physical health functioning none of them markedly affected the association between leisure-time physical activity and disability retirement. For allcause disability retirement, physical health functioning explained one-third of the association between the conditioning and inactive women, and slightly less between vigorous group. Among men physical health functioning explained about one-third of the association between vigorous activity and inactive groups and slightly less of moderate-intensity activity and even less of the conditioning group. For disability retirement due to musculoskeletal diseases physical health functioning explained about one-half of the association found between conditioning and inactive groups and one-third between the vigorous activity and inactive group. For disability retirement due to mental disorders the strongest explanatory variable was also physical health functioning although mental health functioning also slightly explained the association between the conditioning and inactive groups. However, adjusting for physical and mental health functioning may partly be overadjustment as these measures may be on the pathway between leisure-time physical activity and subsequent disability retirement.
For disability retirement due to musculoskeletal and mental causes adjusting for prior sickness absence due to these same causes did not attenuate the associations. This might be due to the fact that we had diagnoses only for absences longer than 3 months. However, in our control analyses (data not shown) sickness absence spells of 2 weeks neither attenuated the risk of all-cause disability retirement between the physical activity groups.
Strength and Limitations
One strength of our study is a relatively large sample of employees. Another strength is a reasonably long follow-up time of 6 years. Further benefits are register data on disability retirement with information on diagnoses enabling us to look at 2 main causes for disability retirement. We were also able to take into account various baseline covariates, especially prior sickness absence with same diagnoses as for disability retirement. Information on leisure-time physical activity was self reported and lacks validation. However, there is no single questionnaire proven superior for measuring leisure-time physical activity in large surveys. 28 Some characteristics of our data limit the generalizability of the results. The participants were middle-aged public sector employees and 80% of them were women which reflects the gender distribution of the employees of Helsinki City and the municipal sector in general. We combined women and men in the analyses examining musculoskeletal and mental causes for disability retirement and thus these results are female dominated although the association did not significantly differ between genders.
Conclusions
Low leisure-time physical activity is a clear risk factor for various health outcomes including disability retirement. Recommended volume of moderate-intensity physical activity decreases the risk of all-cause disability retirement among men, but engaging in vigorous physical activity showed further benefits especially among women. Engaging in vigorous physical activity during leisuretime is likely to maintain musculoskeletal health as well as protect against mental disorders and thereby slow down the onset of work disability and subsequent early retirement due to disability. For those healthy middleaged women and men engaging in moderate-intensity physical activity some vigorous exercise may provide further health benefits. Future studies should consider the intensity of physical activity for health more carefully and examine in prospective designs whether such changes in physical activity can be achieved that prevents disability retirement.
